Molecular characterization of a fungal secondary metabolism promoter: transcription of the Aspergillus nidulans isopenicillin N synthetase gene is modulated by upstream negative elements.
The Aspergillus nidulans IPNS gene, encoding isopenicillin N synthetase, is a secondary metabolism gene. It is contiguous to, but divergently transcribed from, the ACVS gene at the penicillin gene cluster. The untranslated region between both ORFs is 872bp long. Here we present the physical and functional characterization of the IPNS transcriptional unit. Transcriptional start point (tsp) mapping reveals heterogeneity at the 5'-end of the mRNA, with a major start at -106 relative to the initiation codon. This indicates that the actual length of the non-transcribed intergenic region is 525bp. Functional elements in the IPNS upstream region have been defined by assaying beta-galactosidase activity in extracts from recombinant strains carrying deletion derivatives of the IPNS promoter fused to lacZ, integrated in single copy at the argB locus. Strains were grown in penicillin production broth under carbon catabolite repressing or derepressing conditions. The results of deletion analysis indicate that: (i) the IPNS promoter is mostly regulated by negative controls that act upon a high basal activity; (ii) sequential deletion of three of the negative cis-acting elements results in a mutated promoter that is 40 times (sucrose broth) or 12 times (lactose broth) more active than the wild type; (iii) one of these negative cis-acting elements is involved in sucrose repression. Strikingly, it is located outside the non-transcribed 525bp intergenic region and maps to the coding region of the divergently transcribed ACVS gene; (iv) a 5'-deletion up to -56 (relative to the major tsp) contains information to provide almost half of the maximal promoter activity and allows initiation of transcription at the correct site. By using total-protein extracts from mycelia grown under penicillin producing conditions we have detected a DNA-binding activity that specifically shifts a promoter fragment located between -654 and -455 (relative to IPNS tsp). Deletions covering this region partially abolish IPNS promoter activity. The fragment in question overlaps the ACVS tsp.